Objective: There has been no modern effort to replicate, further characterize, or quantify the dramatic effects on affect described in controlled studies from the 1960s using bilateral frontal electrodes with an extra-cephalic reference in a mixed group composed primarily of mildly depressed individuals. We performed a comprehensive, quantitative assessment of the effects of bifrontal TDCS on emotion in 21 healthy subjects. Methods: In a double-blind crossover study, we administered tests of emotional state, affect, emotional decision-making, arousal, and psychomotor functions during sham, anodal, and cathodal TDCS. Results: We found no systematic effects on any measure, despite two subjects who had pronounced mood effects in the predicted direction. There were no adverse events. Conclusions: In line with some other studies, we found no consistent effects of bifrontal TDCS on measures of emotional function of psychomotor performance.
Introduction
Nearly a half century ago, clinicians began exploring the application of weak electric currents to the scalp as way to modulate brain activity and, thereby, human behavior. In a pioneering study Lippold and Redfearn (1964) examined the effects of anodal (scalp positive) and cathodal (scalp negative) DC currents delivered from paired electrodes placed on the foreheads of 32 individuals drawn from the patients of an occupational therapy clinic. Subjects were fitted with battery-powered, current-controlled devices for a day and periodically assessed by clinicians, blind to the current direction, in free-form interviews. They reported that cathodal currents generally produced quietness, apathy, and withdrawal, whereas scalp-positive (anodal) currents generally elicited talkativeness, giddiness, and affects indicative of elevated mood. Further clinical studies in depressed patients (Costain et al., 1964; Ramsay and Schlagenhauf, 1966; Herjanic and Moss-Herjanic, 1967; Carney et al., 1970) have generally confirmed the beneficial effect of anodal current delivered to frontal head regions.
These and other behavioral effects are presumed to result from current-induced, polarity-specific changes in the firing rates (Purpura and McMurtry, 1964) and excitability (Nitsche and Paulus, 2000) of cortical neurons. In recent years, transcranial direct current stimulation (TDCS, as the technique is now known) has been shown to be capable of safely and reversibly altering sensory, motor, and cognitive function (Been et al., 2007) , supporting the possibility that TDCS could be employed as a therapeutic intervention for neurological or psychiatric disorders (Iyer et al., 2005; Fregni and Pascual-Leone, 2007) . However, recent studies demonstrating behavioral effects of frontal TDCS exclusively targeted the dorsolateral area unilaterally (Kincses et al., 2004; Fregni et al., 2005 Fregni et al., , 2006 Fregni et al., , 2007 Iyer et al., 2005; Boggio et al., 2007 Boggio et al., , 2008a Fecteau et al., 2007a,b; Fregni and Pascual-Leone, 2007) , leaving the effects of anterior and medial frontal stimulation unexplored in the modern era. But, given the importance of anterior medial frontal areas in affective function and the findings of Lippold and Redfearn, one might expect a bilateral anterior electrode placement to effect substantial changes in mood and decision-making.
Studies have demonstrated the importance of the lower medial prefrontal cortex in mood and arousal. Bilateral lesions involving this area result in the blunting of certain emotions (Barrash et al., 2000) and changes in emotion-related decision-making (Bechara et al., 1997) while stimulation of this area with surgically implanted electrodes can alleviate severe depression (Mayberg et al., 2005 
